Abstract The aim of this study is to evaluate the effectiveness of the laryngostroboscopy for monitoring the evolution of patients with functional dysphonia before and after the logopedic vocal treatment. We performed a prospective observational study of 65 dysphonic patients diagnosed of functional dysphonia, where we analyzed four stroboscopic parameters (glottal closure, vocal fold vibration, mucosal wave and phase symmetry) by a protocol based on systematic subjective evaluation of the stroboscopic images before and after the rehabilitator treatment; and the results were stratified according to the clinical course. All patients, before the treatment, had some abnormality in at least one of the four analyzed aspects. After the vocal treatment, we found improvement of the four parameters in different degrees, and we just found a statistically significant relationship between the evolution of the glottal closure and the clinical course. We believe that the laryngostroboscopy, systematized through a protocol, is a useful technique for the diagnosis of functional abnormalities in patients with functional dysphonia but it is not a very useful technique for evaluating the results after the rehabilitator treatment, as there is not a statistically significant relationship between clinical course and the change in the most stroboscopic parameters, so it shouldn't be the only technique used for these proposes.
Introduction
Until relatively recently there were no objective and exact procedures for voice evaluation, and many professionals depended on their own hearing. In 1992, however, the International Association of Logopedics and Phoniatrics stated that evaluation of dysphonia on the basis of the professional's own sight and hearing alone is not sufficient, and that objective standardized instrumental protocols are required [1] [2] [3] . Objective evaluation protocols are necessary for monitoring of clinical course, for comparison of pre-and post-treatment status, for comparison between treatment groups in clinical and experimental studies, and, increasingly, for legal purposes.
Although we consider that the human ear is a very useful instrument for voice analysis, subjective assessments are clearly difficult to compare between different professionals, and even a single professional may give different evaluations of a single voice sample [4] .
The voice is a multidimensional phenomenon, so any simple measure will give only partial information. The current trend is thus to use multidimensional measures of vocal function, combining perceptual and instrumental measures [5] .
The main instrumental measures currently available for objective evaluation of voice are morphofunctional techniques, notably laryngostroboscopy, and acoustic analysis.
In the present study we evaluate voice by laryngostroboscopy, in patients diagnosed of functional dysphonia before and after the logopedic vocal treatment with the aim of evaluating its effectiveness in monitoring the evolution.
Materials and Methods
We performed a prospective observational study of 65 dysphonic patients diagnosed of functional dysphonia by the Phoniatrics Unit of our hospital, over 5-year period (mean age 34 years, range 13-59 years; 57 women, 8 men).
For laryngostroboscopy we used a Storz R model 8010 laryngostroboscope equipped with a rigid Storz R model 8706 CH 90°-10 mm laryngoscope. Images were visualized and recorded with an Endovision DX-CAM R video system and a Sony monitor. For the examination and interpretation we followed the standard procedure of Hirano and Bless [6] . Each case was documented by two different protocols: a protocol based on systematic subjective evaluation of the stroboscopic images [the four parameters included in analysis were glottal closure (complete or incomplete), fold vibration (present or absent), right and left mucosal wave (normal or absent/abnormal), and phase symmetry (symmetric or asymmetric)], and a narrative description and digital recording. All parameters were analyzed before and after the vocal treatment.
Vocal rehabilitator treatment was performed in all cases. It was performed after a mean of 23.2 days after the initial diagnosis. The average duration of each session was 45 min and the number of sessions varies depending on the circumstances; in most cases between 30 and 40 sessions was required, over 6-12 months. The stages of this vocal treatment can be summarized en: 1) Initially, and whenever possible, we started with a vocal rest for about 10 days, to reduce the tension mechanisms that the patient has automated and try to get the ventricular bands back and to recover the normal mobility of the true vocal folds. 2) Relaxation exercises, choosing between different techniques, which should continue even after the end of treatment to install a definitive muscle relaxation habits. 3) Respiratory exercises, to achieve the automation of the cost-diaphragmatic breathing mechanism in the supine, sitting and standing positions, with associated movements of arms and head to eliminate muscle contractions during breathing and to change the bad respiratory habits that affect the vocal function. 4) Impostaion exercises to create gradually the vocal schema and the vibratory sensations in the resonance cavities, to facilitate the relaxation of the tongue muscles and to increase the flexibility of the jaw. In this step it's important to achieve a physiological glottal attack [7] .
When the speech therapist finishes the vocal treatment, patients were classified into two groups (clinical improvement/no clinical improvement), based in the opinion of the phoniatric and the speech therapist, based on their subjective perceptual assessment of the voice, using especially GRBAS scale, and on the acoustic and gestural characteristics of voice after treatment. We consider a perceptual clinical improvement if the score of the scale GRBAS decreases en seven or more points. The results of the stroboscopic analysis were stratified according to the clinical course [8] .
We compared for each studied stroboscopic parameter, by contingency tables, the qualitative variable (clinical improvement, no clinical improvement) with the qualitative variable (stroboscopic improvement/no stroboscopic improvement), using the Chi square test, to determine whether a significant statistical association exists between both variables, calculating the P value associated with the statistic contrast and rejecting the null hypothesis (no differences between the two groups) when the P value is\0.05.
Results
The results of the four laryngostroboscopic parameters included in analysis, before and after the vocal treatment are listed in Table 1 :
We found that all patients showed alteration of at least one of these parameters in the diagnosis moment.
After the vocal treatment, and in patients who had presented alterations in any of these parameters, we found improvement of vocal vibration in 52.27 % of cases, improvement of mucosal wave in 50 % of cases, improvement of asymmetry in 68.75 % of cases and improvement of glottal closure in 33.9 % of cases, (regardless of the clinical course). In the other cases the analyzed parameters remain unchanged or have even worsened in some cases.
Patients were classified by the phoniatric and the speech therapist into two groups regard to their clinical course: 57 patients (87.7 %) who presented clinical improvement and 8 patients (12.3 %) without any clinical improvement; and then the stroboscopic results were stratified according to the clinical course.
We calculate, individually, the relationship between the evolution of each of the four analyzed parameters and the clinical course. For that we considered in the same group those patients whose stroboscopic findings remained without change and those who have deteriorated, and in another group whose findings have improved (Table 2) :
We found a statistically significant relationship between the evolution of the glottal closure and the clinical course, so the glottal closure has remained the same in all cases who have not improved, while we didn't find a significant relationship in the other three analyzed stroboscopic findings (vocal fold vibration, mucosal wave and symmetry phase).
So, in patients who didn't have clinical improvement, the stroboscopic examination revealed improvement of the vibration and of the asymmetry in 37.5 % and improvement of the mucosal wave in 25 % of cases; while in these patients who have had clinical improvement, the stroboscopic exploration showed improvement of glottal closure in 35 %, improvement of vibration in 35 %, improved in mucosal wave in 30 % and improvement of asymmetry phase in 14 % of cases.
Discussion
Laryngostroboscopy is generally considered nowadays to be the most useful technique for diagnosis of vocal disorders, since it allows detailed examination of the vocal cords and (through detailed analysis of digital recordings) detection of dysphonias, vibratory asymmetries, structural alterations, small masses, submucosal scarring and other alterations that are not visible under normal light. It is also extremely sensitive for the detection of paresis and paralyses of the vocal cords due to minimum laryngeal tumor [9, 10] .
Sataloff et al. [9] analysed 1,876 laryngostroboscopic procedures performed over a 5-year period in ''professional voice users'' with dysphonia and known diagnosis. They found that in 29 % of patients the stroboscopy not only confirmed the existing diagnosis but also supplied additional diagnostic information, while in 18 % of patients the stroboscopy indicated that the existing diagnosis was incorrect.
Dejonckere et al. [11] compared the evaluations of laryngostroboscopic videos by various speech therapists, and found good inter-observer (differences of evaluation between different observers) and intra-observer (differences evaluated by the same observer at different times) consistency for all examined parameters.
Elias et al. performed a stroboscopic study of 65 professional singers without voice problems, obtaining ''abnormal stroboscopic findings'' (potentially confusable with six different pathological entities) in 58 % of patients. Such abnormalities may be mistakenly identified as the cause of voice problems at a patient's first consultation [12] . HemanAckah et al. performed laryngostroboscopic exams in 20 singers, 7 of whom reported voice problems, and 13 of whom perceived their voice as normal. The results obtained indicated that the presence of lesion in the vocal cords was more common among the subjects who considered their voice to be normal, while hypomobility of the vocal folds was more common in the subjects who reported voice problems [13] . Regarding functional dysphonia, Sama et al. [14] say that the laryngoscopic characteristics commonly associated with this type of dysphonia are common in the normal population and cannot distinguish dysphonic patients from normal subjects.
Thus, we consider that the reliable diagnostic use of stroboscopic data requires the phoniatrist to be aware of the range of laryngeal behaviours that may occur in normal subjects, and that a degree of caution needs to be applied. This may be particularly important when we are dealing with minor voice problems in professional voice users.
Speyer et al. [15] analyzed the digitized stroboscopic images of benign larynx pathologies after 3 months of voice therapy and found in about 50 % of patients a significant improvement in lesion size and improvement of the vibration of vocal cords and of the of glottal closure.
Despite the various objective and subjective tools, currently there is no standard measure of the vocal function and the ''meta-analysis'' of the results of vocal treatments are limited due to the diversity of the functional measurement methods [16] .
Preciado et al. performed a case-control study to select the most appropriate methods for the measurement of vocal function. The studied methods included: anamnesis, clinical examination, laryngostroboscopy, perceptual evaluation, basic aerodynamic tests and acoustic and spectrographic analysis. They found no evidence that any of these methods distinguishes, with sufficient sensitivity, between dysphonic and normal voices, since their values are always overlap [17] .
In 1992, Arias et al. recommended the use of a standard protocol to evaluate the laryngeal structure and function in patients with vocal disorders, which has to be designed to cover all essential parameters needed to achieve an accurate descriptive diagnosis and to obtain an appropriate and individualized treatment plan. They also recommended a standardized assessment of the changes after vocal therapy. These protocols should include, at least: laryngoscopy, videostroboscopy, acoustic analysis, subjective evaluation and perceptual evaluation of voice [18] .
Dejonckere et al. evaluated the functional results of voice therapy in 45 patients with various organic and functional vocal disorders before and after the vocal therapy, by GRBAS scale, laryngostroboscopy, aerodynamic tests, acoustic analysis and subjective evaluation. The results show that there is a lot of inter-individual and interdimensional variation in the results; and in the same patient, one dimension can be improved significantly while another is significantly worse. The five measures considered separately were considered of a limited value [19] .
So, Dejonckere presented in the Phoniatrics Committee of The European Society of Laryngology (ELS) a multidimensional basic protocol, based on the literature review, the experience of the members of the committee and the plenary discussions within ELS, in order to achieve a better agreement and uniformity on the evaluation methodology of voice disorders and to allow comparisons between the results of the vocal treatment in different centres. He proposed a minimum and multidimensional system of basic measures which can be suitable for all common dysphonias and which includes five basic elements: GRBAS scale, videostroboscopy (glottal closure, vibration, mucosal wave and symmetry), acoustic analysis (jitter, shimmer, F0), aerodynamic studies (phonation ratio) and subjective evaluation [19] [20] [21] .
Conclusion
The laryngostroboscopy, systematized through a protocol, is a useful technique for the diagnosis of functional abnormalities in patients with functional dysphonia, detecting at least some alterations in the parameters most commonly analyzed. However it shouldn't be the only technique used for the diagnosis given the high percentage of abnormal stroboscopic findings found in healthy people.
The laryngostroboscopy, however, is not very useful for evaluating the results after the vocal treatment, as we didn't find a statistically significant relationship between clinical course and the change of the analyzed stroboscopic findings (except in the case of glottal closure), so we consider that it shouldn't be the only technique used for this purpose, since in some patients the improvement of stroboscopic findings is not corresponding with the perceptual improvement of voice.
